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PATENT 

3501-1004 

IN THE U.S. PATENT AND TRADEMARK OFFICE 

In re application of: Emmanuil Volfovich PRILUTSKY et al . 

Appl. No.: NEW NATIONAL PHASE 

APPLICATION IN THE 
UNITED STATES Group: 

Filed: February 22, 2 0 02 Examiner: 

For: CATALYST FOR THE LOW- TEMPERATURE 

PYROLYSIS OF HYDROCARBON- CONTAINING 
POLYMER MATERIALS 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patent sFebruary 22, 2 002 
Washington, DC 2 0231 

Sir : 

The following preliminary amendments and remarks are 
respectfully submitted in connection with the above -identified 
application . 

IN THE ABSTRACT OF THE DISCLOSURE : 

Please replace the Abstract of the Disclosure with 
the rewritten Abstract of the Disclosure attached on a separate 
sheet attached hereto. 

IN THE CLAIMS : 

Please amend the claims as follows: 
--1. (amended) A catalyst for the low- temperature 
pyrolysis of hydrocarbon- containing polymer materials, which 
catalyst comprises an iron-carbon component in the form of 
microscopic carbon particles and ultra-dispersed iron 
particles, wherein said catalyst further comprises a metal- 
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carbon component obtained as a product of the stripping and 
the pyrolysis of a dispersion that contains at least one salt 
of metals from the group VIII in the periodic table which is 
capable of decay upon heating in order to form an oxide, 
wherein said metal is selected from the group consisting of 
iron, nickel and cobalt, as well as a carbohydrate and a 
highly volatile solvent .- - 

--2. (amended) A catalyst according to claim 1, 
wherein said iron-carbon and metal-carbon components are 
taken in the following proportions (in percent by mass) : 

iron -carbon component 7 0 - 98 

metal-carbon component 2 - 30.-- 

--3. (amended) A catalyst according to claim 1, wherein 
said metal -carbon component is obtained as a product of the 
stripping and the pyrolysis of the dispersion which contains, 
along with said at least one salt of metals from the group 
VIII in the periodic table which is capable of decay upon 
heating in order to form an oxide, wherein said metal is 
selected from the group consisting of iron, nickel and cobalt, 
said carbohydrate and said volatile solvent, also an iron- 
carbon component obtained previously .- - 

--4. (amended) A catalyst according to claim 1, wherein 
said metal -carbon component is a product of the stripping and 
the pyrolysis of the dispersion which contains an iron salt, a 
carbohydrate and a highly volatile solvent. -- 

--5. (amended) A catalyst according to claim 4, 
wherein said metal -carbon component is a product of the 
stripping and the pyrolysis of the dispersion which contains 
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an iron salt, a carbohydrate selected of the group consisting 
of mono- and disaccharides , and a highly volatile solvent. -- 
--6. (amended) A catalyst according to claim 5, 
wherein said metal-carbon component is a product of the 
stripping and the pyrolysis of the dispersion which contains 
an iron salt, a water-soluble high-molecular carbohydrate 
selected of the group consisting of starch and water-soluble 
cellulose esters, and water as a highly volatile solvent. -- 
--7. (amended) A catalyst according to claim 6, 
wherein iron and carbon are present in said iron-carbon 
component in the following amounts (in mole -percent ) : 
iron 1.35 - 46.15 

carbon 53.85 - 98.65.-- 

--B. (amended) A catalyst according to claim 6, 
wherein iron and carbon are present in said metal-carbon 
component in the following amounts (in mole-percent) : 
iron 0.22 - 2.33 

carbon 97.67 - 99.78.-- 

--9. (amended) A catalyst according to claim 1, wherein 
iron is present in said catalyst in the form of particles 
sized 50 to 8,000 A.-- 

I REMARKS 
Claims 1-9 are pending in the present application. 
Entry of the above amendments is earnestly 
solicited. An early and favorable first action on the merits 
is earnestly requested. 

Should there be any matters that need to be resolved 
in the present application, the Examiner is respectfully 
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requested to contact the undersigned at the telephone number 
listed below. 

Attached hereto is a marked-up version of the 
changes made to the claims by the current amendment . The 
attached page is captioned ""VERSION WITH MARKINGS TO SHOW 
CHANGES MADE . ' ' 

The Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit 
any overpayment to Deposit Account No. 25-012 0 for any 
additional fees required under 37 C.F.R. § 1.16 or under 3 7 
C.F.R. § 1 . 17 . 

Respectfully submitted, 
YOUNG & THOMPSON 

Benoit Cast el , Reg. No. 3 5,041 
745 South 23'''* Street 
Arlington, VA 2 22 02 

BC/lmt Telephone (703) 521-2297 

Attachments 
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ABSTRACT 



A catalyst used in the low- temperature pyrolysis of 
hydrocarbon- containing polymer materials, and being mainly 
intended for use in the recycling of rubber waste materials. 
The catalyst is prepared from a carbon- iron component in the 
5 form of microscopic carbon particles and ultra-dispersed iron 
particles. In order to increase the yield of light hydrocarbon 
fractions in the condensate and to bind substantially 
completely the sulphur in the products of the rubber 
pyrolysis, the catalyst further contains a metal-carbon 

10 component. This component consists of the product from the 
stripping and the pyrolysis of a dispersion that comprises at 
least one salt of a metal from the group VIII in the periodic 
table which is capable of decay upon heating in order to form 
an oxide, wherein the metal is selected from the group 

15 comprising iron, nickel and cobalt. The dispersion further 
includes a carbohydrate as well as a highly volatile solvent. 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

IN THE ABSTRACT OF THE DISCLOSURE : 

The Abstract of the Disclosure has been amended as 

follows : 

ABSTRACT 

The proDont invention r o latos to qA catalyst used in the 
low- temperature pyrolysis of hydrocarbon- containing polymer 
materials, aaid catalyat and being mainly intended for use 
in the recycling of rubber waste materials. The catalyst is 
prepared from a carbon- iron component in the form of 
microscopic carbon particles and ultra-dispersed iron 
particles. In order to increase the yield of light 
hydrocarbon fractions in the condensate and to bind 
substantially completely the sulphur in the products of the 
rubber pyrolysis, the catalyst further contains a metal - 
carbon component. This component consists of the product 
from the stripping and the pyrolysis of a dispersion that 
comprises at least one salt of a metal from the group VIII 
in the periodic table which is capable of decay upon 
heating in order to form an oxide, wherein aaid the metal is 
selected from the group comprising iron, nickel and cobalt . 
The dispersion further includes a carbohydrate as well as a 
highly volatile solvent 
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IN THE CLAIMS : 

The claims have been amended as follows: 

--1. (amended) A catalyst for the low-temperature 
pyrolysis of hydrocarbon-containing polymer materials, which 
catalyst comprises an iron-carbon component in the form of 
microscopic carbon particles and ultra-dispersed iron 
particles, charactorizcd — in that w herein said catalyst 
further comprises a metal-carbon component obtained as a 
product of the stripping and the pyrolysis of a dispersion 
that contains at least one salt of metals from the group VIII 
in the periodic table which is capable of decay upon heating 
in order to form an oxide, wherein said metal is selected 
from the group consisting of iron, nickel and cobalt, as well 
■ as a carbohydrate and a highly volatile solvent. -- 
# --2. (amended) A catalyst according to claim 1, 

characterized irfi — that w herein said iron-carbon and 

metal-carbon components are taken in the following 
proportions (in percent by mass) : 

iron-carbon component 70 - 98 

metal-carbon component 2 - 30.-- 

--3. (amended) A catalyst according to claim -1 — ens — 2r-r 

charactorigod in that l, wherein said metal-carbon 

component is obtained as a product of the stripping and the 
pyrolysis of the dispersion which contains, along with said 
at least one salt of metals from the group VIIl" in the 
periodic table which is capable of decay upon heating in 
order to form an oxide, wherein said metal is selected from 
the group consisting of iron, nickel and cobalt, said 
carbohydrate and said volatile solvent, also an iron-carbon 
component obtained previously . -- 
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— 4. (amended) A catalyst according to claim 1 or 2 or 

charactcrizGd — that l, wherein said metal-carbon 

component is a product of the stripping and the pyrolysis of 
the dispersion which contains an iron salt, a carbohydrate 
and a highly volatile solvent. — 

--5. (amended) A catalyst according to claim 4, 

charactcrizGd i« that w herein said metal-carbon 

component is a product of the stripping and the pyrolysis of 
the dispersion which contains an iron salt, a carbohydrate 
selected of the group consisting of mono- and disaccharides , 
and a highly volatile solvent . -- 

— 6. (amended) A catalyst according to claim 5, 

charactcrizGd in that w herein said metal-carbon 

component is a product of the stripping and the pyrolysis of 
the dispersion which contains an iron salt, a water-soluble 
high-molecular carbohydrate selected of the group consisting 
of starch and water-soluble cellulose esters, and water as a 
highly volatile solvent. -- 

— 7. (amended) A catalyst according to claim 6, 

charactorizGd ift — that w herein iron and carbon are 

present in said iron-carbon component in the following 
amounts (in mole-percent) : 
iron 1.35 - 46.15 

carbon 53.85 - 98.65. — 

— 8. (amended) A catalyst according to claim 6, 

charactcrizGd i« — that w herein iron and carbon are 

present in said metal-carbon component in the following 
amounts (in mole-percent) : 
iron 0.22 - 2.33 

carbon 97.67 - 99.78. — 
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— 9. (amended) A catalyst according to claim 1, 

charactcriz o d — in that w herein iron is present in said 
catalyst in the form of particles sized 50 to 8,000 A. 
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CATALYST FOR THE LOW- TEMPERATURE PYROLYSIS OF ^ 
HYnRnr.ARRnN-CONTAINING POLYMER MATERIALS 

Field of the invention 
The present invention relates to both the qualitative 
5 and quantitative composition of catalysts for the low- 
temperature pyrolysis of hydrocarbon- containing polymer mate- 
rials, said catalysts being mainly intended for use in the 
recycling of waste rubber materials. 

Background of the invention 

10 Hereinafter: 

The term of "hydrocarbon-containing polymer materials", 
as used herein, refers preferably to composition materials 
capable of swelling in organic solvents, which contain the 

binders produced by either polymerization or- co- 

15 polymerization of alkenes, alkadienes, alkatriens, cycloal- 
kenes, cycloalkadienes and cycloalkatriens and/or derivatives 
thereof, both alone and with a use of cross-linking agents, 
and usually not-readily-removable extenders, but preferably 
to compounded rubber based on vulcanized natural and/or syn- 

20 thetic rubber. 

The term of "waste rubber materials", as used herein, 
refers to worn mechanical rubber articles irrespective of 
their design, initial sizes and designation. 

It is evident for those skilled in the art that waste 

25 rubber materials are the most routine form of hydrocarbon- 
containing polymer materials. Therefore, all that which will 
be said hereinafter about waste rubber materials might be at- 
tributed to other hydrocarbon-containing polymer materials 
capable of swelling in organic solvents. It as also evident 

30 for specialists that used tires of vehicles and, especially, 
metal-cord tires are presently the principal source of waste 
rubber materials. Therefore, all that which will be said 
hereinafter about waste rubber materials of used tires might 
be attributed to other waste rubber. 



J fii !0i ir=i. «3i il; ;i. ,„ 11 iE. e H-a 'B 



It is generally known that waste rubber materials can 
serve as a source of valuable recycled resources. However, 
their recovery is impeded by high strength of chemical bonds 
in macromolecules of vulcanized rubber and by difficulties of 
5 rubber separation from reinforcing steel usually present in 
mechanical rubber articles. In addition, most of the known 
methods and means for rubber destruction are dangerous be- 
cause of the environmental contamination with sulfur com- 
pounds, carcinogenic carbon black and certain other toxic 

10 substances. 

It is also generally known that used tires and, espe- 
cially, metal-cord uires are one of the most serious contami- 
nant of the environment even in the non-recycled form. Thus, 
250 million tires are only worn annually in US during the re- 

15 cent 10 years, and their total number dumped has exceeded 3 
milliards. Therefore, the problem of worn tires utilization 
is the more acute, the more economically developed is a coun- 
try and the less is its territory. 

As applied to tires with textile cord, whose mechanical 

20 crushing and grinding is acceptable both energetically and 
ecologically, the indicated problem has been and is being 
solved by means of: 

either the mechanical separation of crushed tires into 
rubber crumbs and cellulose-containing fiber materials, and 

25 their separate utilization (see, for example, US Patent No. 
1, 607, 291) , 

or the rubber depolymerization, for example in a steam 
pressurized autoclave (US Patent No. 2,447,732) or using an 
apparatus for pyrolysis under vacuum (US Patent No. 
30 4,740,270), etc. 

As applied to worn metal-cord tires, purely mechanical 
crushing of said tires and grinding of their fragments at the 
ambient temperature is disadvantageous energetically- 
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Not long ago, in a niomber of countries, the problem of 
such tires disposal has been partly solved by a way extremely 
dangerous ecologically, i.e. by combustion (see, for example, 
the paper "Tire Recycling Plant Tire Up" in Modern Tire 
5 Dealer, 1987, No. 8, p. 6) . At that, metal cord was turn into 
rust of indefinite composition, which was practically nonre- 
coverable because of substantial cost of the collection, de- 
livery and preparation to introduce them into the metallurgi- 
cal process. 

10 The shortcomings indicated have been excluded in the 

processes that provide for staged mechanical grinding of worn 
tires with at least single freezing. 

Thus, the processes are known that include the trimming 
of tire beads, preliminary crushing of the trimmed tires into 

15 fragments, usually of about 3 cm in thickness, and: 

either the milling of fragments at the ambient tempera- 
ture, magnetic separation of metal, sieve fractionation of 
rubber particles with the isolation of (1) commercial fine 
crumbs and (2) grains with linear sizes of preferably 2 to 7 

20 (and no more than 15) mm, which are frozen in liquid nitrogen 
and then further milled to obtain rubber crumbs with linear 
sizes of 0,2 to 2,0 mm ( "Gummibereitung" , 1987, Bd.63, No. 10, 
S. 102-104) ; 

or the freezing of rubber fragments prior to their mill- 
25 ing ( "Gummiberei tung" , 1987, Bd.63, No. 10, S. 97-100; US Pat- 
ent No. 5,385,307) with the subsequent separation of metal 
and fractionation of rubber particles by size. 

At that, ecological safety and high quality of the tar- 
get products of tire disposal are reached at the expense of 
30 low production rate and high specific power inputs. There- 
fore, the practical use of such processes is limited. 

The thermal-electric separation of metal cord from rub- 
ber, according to the application DE 2900655, requires for 
preliminary trimming of tire beads and is only efficacious 
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when cord wires pierce rubber all the way through, from bead 
to bead. Otherwise, neither warming of entire metal-cord mass 
up to the temperature of thermal rubber destruction, nor 
burning-out of all its layers adjacent to cord wires is pos- 
5 sible. In addition, the method indicated results in discharge 
into the air of toxic rubber destruction products. 

The induction warming of metal cord (see, for example, 
the application DE 3911082; the application EP 0 478 774) 
eliminates the need for trimming beads; however, it increases 

10 an output of toxic rubber destruction products. 

The electropulse destruction of cord wire (RU Patent 
2050287) is based on discharging either a capacitor battery 
or an accumulation reactive LC-circuit on the metal cord. 
This process is characterized by a short-term heat emission 

15 with a high density of heat rating along boundaries of crys- 
tal grains of the metal and, consequently, by the bursting 
nature of cord wire destruction. At that, a considerable part 
of fine metal particles fly out of rubber tearing it to frag- 
ments of different '^lizes. 

20 Being ecologically safe, this process does not ensure 

the efficacious separation of metal and rubber irrespective 
of the power applied to metal cord, and its practical use is 
hampered by the following circ\amstances : 

firstly, because of unevenly trimmed beads and/or the 

25 above indicated position of a considerable part of cord wires 
. within rubber thickness, effective contact not always can be 
ensured between a capacitor battery and metal cord with the 
resulting incomplete destruction of cord wires, not to mention 
the release of all metal particles out of rubber thickness; 

30 secondly, the electromagnetic (transforming) transfer of 

power from a reactive LC-circuit to cord wires is th.e less 
effective, the more is mass (and inductivity) of the metal 
cord enclosed in a disintegrating tire. 
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The efficacious, from the point of purity of the prod- 
ucts obtained, and ecologically safe separation of rubber and 

metal cord during the destruction of integral worn tires of 
any dimension- types is possible in principle with the use of 
5 a powerful laser pulse delivery into the liquid surrounding a 
mechanically distended tire (see publication WO 97/44171 of 
International Application PCT/UA96/00011 ) . In that case, 
rubber becomes fragile at the room temperature and separated 
completely from metal cord, which can be easily utilized 
10 metallurgically . 

However, the coefficient of efficiency of such a process 
is hardly in excess of 1% because of low (usually no more 
than 5%) efficiency of lasers, which precludes its use in 
practice . 

15 Therefore, such methods and means are preferable for 

recycling tires, especially those with metal cord, that do 
not require any preliminary separation of rubber and cord 
wires and allow a set of commercial valuable secondary 
products to be obtained out of waste rubber, and utilize cord 

20 wires practically with no additional processing. 

Most of such processes are based on the low-temperature 
(no more than 500°C, usually within a range of 200 to 400*^C) 
catalytic pyrolysis of waste rubber and only require cutting 
tires, including big tires with metal cord, into several 

25 large pieces. 

Parameters, in particular temperature and pressure, and 
results of the catalytic pyrolysis of waste rubber depend 
greatly on the catalysts used. A critical index of their 
quality is activity that can be evaluated by their specific 

30 consumption per mass unit of the waste pyrolyzed, by minimal 
allowable temperature and pressure of the pyrolysis, by a de- 
gree of the polymer organic component conversion into low- 
molecular products, by a qualitative composition of such 
products, by their proportions in the mixture, and by their 
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suitability for any subsequent use (with their minimal possi- 
ble, or with no, additional processing prior to sale). 

For example, US Patent 3,996,022 discloses ' a catalyst 
for the pyrolysis in a form of a fusion of halides, for exam- 
5 pie zinc chloride and stannum chloride. At a temperature of 
above 300°C and a positive pressure, it ensures the transfor- 
mation of waste rubber into a mixture of gaseous hydrocar- 
bons, low-sulfur motor fuel and solid carbon residue. 

However, the specific consumption of such catalyst is 
10 rather high, the process of its usage runs under sufficiently 
strict conditions, and the solid residue, which is produced 
in a great amount, is only suitable as a substitute for do- 
mestic coal, and can only be removed with difficulty out of 
the pyrolysis apparatus. 
15 • Similar results are obtained with the use of a powdery 

catalyst based on an iron compound (usually an oxide) with an 
auxiliary metal compounds of the Periodic Table, Group IV 
(Cr, Mo, W, Se, Te) in the process of pyrolysis of a mixture 
of hydrocarbon fuel and crushed waste rubber in the presence 
20 of hydrogen at a temperature of 350 to 500°C and a pressure 
of 10 to 30 MPa (US Patent 4,251,500; JP Patent 52-125088). 

At that, the achievement of a certain reduction in the 
. solid residue amount and an increase in the motor fuel pro- 
duced is associated with the need for specific safety meas- 
25 ures against fire and explosion. 

A catalyst for the waste rubber pyrolysis, disclosed in 
US Patent No. 5,286,374, is made of mica such as muscovite, 
sericite and biotite. It allows the process of pyrolysis of 
worn metal-cord tires to be led at a reaction temperature of 
30 230 to 400°C under a pressure of 1.0-2.5 atmospheres. 

Such a catalyst allows gaseous hydrocarbons, a wide 
range of liquid fuels, carbon black and a small amount of 
solid carbon residue, predominantly on cord wires, suitable 
for utilization as a metallurgical raw material to be pro- 
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duced in the absence of hydrogen, that is under significantly 
safer conditions. 

However, its consumption rate amounts 2 to 3% of the ini- 
tial rubber mass, whereas a total output of solid products of 
5 the pyrolysis reaches 43%. At that, carbon black comprising 
only a part of these products is markedly contaminated with an 
admixture of the catalyst, which hampers its utilization. 

A catalyst disclosed in UA Patent No. 10442 is the clos- 
est prior art for the proposed catalyst. It is produced as a 

10 product of the gaseous carbon oxide decomposition over iron 
scale and, in essence, represents a homogenous iron-carbon 
composition material in the form of ultra-dispersed iron par- 
ticles and microscopic carbon particles. This catalyst, here- 
inafter referred to as "^iron-carbon component", is added into 

15 hydrocarbon solvents of the used machine oil type in an 
amount of no less than 0.2%, and preferably from 0.5 to 1.0% 
of solvent's mass. Waste rubber materials are left in this 
mixture till they swelled no less than 1.1 times, an excess 
of the solvent with the catalyst admixed is decanted for re- 

20 peated use, while the waste rubber materials swelled are ex- 
posed to the pyrolysis at a temperature of 150 to 450°C, 
preferably near 200°C, in nitrogen current. 

Consequently, the specific consumption rate of this 
catalyst amounts to 0,002-0.005% of the rubber mass. As a re- 

25 suit, f ree-of-admixtures solid products of the pyrolysis in 
the form of carbon black with specific surface of 80 to 100 
m^/g are suitable for the production of new general mechani- 
cal rubber goods, at least in the mixture of 50/50 with fresh 
carbon black. 

30 However, the entire condensate of liquid products of the 

pyrolysis produced with a use of the catalyst described con- 
stitutes, in essence, black oil fuel having a boiling onset 
temperature of over 150°C, a boiling end temperature of near 
400°C. and a flash temperature of over 100°C, which contains 
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over 90% of paraffin-like hydrocarbons with the chain length 
of above C5 . Besides, in the case of using the catalyst de- 
scribed, the bound sulfur contents in the pyrolysis products 
not infrequently are below 1.0%. These undesirable results 
5 can be explained by still insufficiently high activity of the 
powdery catalyst in reactions of destructing the macromole- 
cules containing hydrogen and carbon. 

Brief description of the invention 
So then, the aim of the present invention is to provide, 
10 by means of the improvement in its content, a more active 
catalyst capable of facilitating both the condensate enrich- 
ment with light hydrocarbon fractions and the practically 
complete binding of sulfur in the pyrolysis products under 
processes of the pyrolysis of hydrocarbone-containing polymer 
15 materials. 

This aim is achieved by the solution, according to which 
a catalyst for the low-temperature pyrolysis of hydrocarbon- 
containing polymer materials which comprises an iron-carbon 
component in the form of microscopic carbon particles and ul- 

20 tra-dispersed iron particles, according to this invention, 
further comprises a metal-carbon component, which is obtained 
as a product of the stripping and the pyrolysis of a disper- 
sion containing at least one salt of metals from the group 
VIII in the periodic table which is capable of decay upon 

25 heating in order to form an oxide, wherein said metal is se- 
lected from the group composed of iron, nickel and cobalt; as 
well as a carbohydrate and a highly volatile solvent. 

The said complex catalyst, as compared with the known 
catalyst in the form of single iron-carbon component, pos- 

30 sesses higher activity in the processes of low-temperature 
pyrolysis of hydrocarbon-containing polymer materials and, 
particularly, waste rubber in the form of metal-cord tires, 
which is confirmed by: 
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a substantial - down to 70°C - decrease in the boiling on- 
set temperature of the condensate obtained by the pyrolysis; 

the recovery within a boiling temperature range of 70 to 
300*^0 of volatile, preferably straight Ca-Cq and aromatic 
5 hydrocarbons, whose mixture not infrequently amounts to above 
50% of the total condensate mass; 

the black-oil-fuel-like fraction output of 40 to 45% of 
the total condensate mass; 

the transformation into condensate up to 95-96% of the 
10 initial polymer mass; 

the practically complete chemical binding of sulfur pre- 
sent in the rubber within the pyrolysis products; and 

the possibility of obtaining black carbon with specific 
surface of up to 120 m^/g. 
15 The first supplemental difference consists in the fact 

that the iron-carbon component and the said metal-carbon com- 
ponent are taken in the following proportion (in percent by 
mass) : 

iron-carbon coi,.iponent 70 - 98 

2 0 metal-carbon component 2-30 

This allows the optimization to be reached in such a 
significant catalyst' s quality parameter as its specific sur- 
face, which makes up to no less than 80 m^/g and preferably 
is within a range of 110-120 m^/g. 

25 The second supplemental difference consists in the fact 

that said metal-carbon component is obtained as a product of 
the stripping and the pyrolysis of a dispersion, which, along 
with at least one salt of metals from the group VIII in the 
periodic table which is capable of decay upon heating in or- 

30 der to form an oxide, wherein said metal is selected from the 
group composing iron, nickel and cobalt, as well as a carbo- 
hydrate and a highly volatile solvent, contains an iron- 
carbon component which was obtained preliminary. The result- 
ing complex catalyst is characterized by the most uniform 
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distribution of the iron- and metal-carbon components in mix- 
. ture and thereby ensures a rise in the condensate output 
counting upon the organic part of rubber at the pyrolysis 
temperature of no more than 250°C- 
5 The third supplemental difference consists in the fact 

that the metal-carbon component is a product of the stripping 
and the pyrolysis of a dispersion containing an iron salt, a 
carbohydrate and a highly volatile solvent. Iron is the most 
accessible metal among metals from the VIII group in the peri- 

10 odic table. Therefore, the catalyst according to this inven- 
tion occurs to be most acceptable judging from both the pro- 
duction cost for manufacturers and the price for consumers. 

The fourth supplemental difference consists in the fact 
that the metal-carbon component is a product of the stripping 

15 and the pyrolysis of a dispersion containing an iron salt, a 
carbohydrate selected from group consisting of mono- and disac- 
charides, and a highly volatile solvent- Mono- and disaccha- 
rides are accessible and pyrolyzed readily to ultra-dispersed 
carbon black, which allows the metal-carbon component of the 

20 proposed catalyst to be produced both cheaply and effectively. 

The fifth supplemental difference consists in the fact 
that the metal-carbon component is a product of the stripping 
and the pyrolysis of a dispersion containing an iron salt, a 
water-soluble high-molecular carbohydrate selected from the 

25 group consisting of starch and water-soluble cellulose es- 
ters, and water as a highly volatile solvent. The water dis- 
persion containing such water-soluble polysaccharides proves 
to be most convenient to produce the metal-carbon component 
cheaply and with a high metal concentration. 

30 The sixth supplemental difference consists in the fact 

that iron and carbon are present in the iron-carbon component 
in the following amounts (in mole-percent) : 
iron 1.35 - 46.15 

carbon 53.85 - 98.65 
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The seventh supplemental difference consists in the fact 
that iron and carbon are present in the metal-carbon compo- 
nent in the following amounts (in mole-percent) : 

iron 0.22 - 2.33 

5 carbon 97.67 - 99.78 

The eighth supplemental difference consists in the fact 
that iron is present in the catalyst in the form of particles 
sized 50 to 8,000A. 

The indicated proportions of iron/carbon and the range of 
10 allowable iron particle sizes facilitate a valuable advantage 
of the catalyst proposed. An essential part of iron is present 
in the catalyst according to this invention in the form of 
clusters, which causes said improvement in its activity. 

Naturally, the forms of implementing the concept of in- 
15 vention are restricted neither by the above- indicated ver- 
sions nor by the examples below. Based on the principal tech- 
nical solution that has been formulated above, other cata- 
lysts for the low-temperature pyrolysis of hydrocarbon- 
containing polymer materials can be developed by those 
20 skilled in the ar^-, which are within the true scope and 
spirit of the invention. 

Preferred embodiments of the invention 

Further, the invention essence is explained by a list of 
the required initial materials and by the description of a 
25 method for the production of the catalyst proposed, examples 
of its composition and usage in the pyrolysis of waste rubber 
in the form of worn metal-cord tires, and by the data about 
efficacy of such a usage. 

The catalyst of this invention represents a mixture of 
30 the iron- and metal-carbon components, which can be obtained 
as follows. 

Whichever will be the method of blending, the iron- 
carbon component is to be produced first. For that purpose, a 
weight of fine-dispersed ferric oxide or iron salt which can 
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be decomposed by heat to form an oxide is taken in a crucible 
and heated up to a temperature of 500 to 600°C. The ferric 
oxide is kept at this temperature in the current of a CO- 
containing gas with admixed hydrogen or hydrogen-containing 
5 components, such as water vapors. At that, there occur the 
following processes: 

a) recovering and accompanying dispersing of iron, and 

b) so called Bell-Buduar reaction 2CO = CO2 + C catalyzed by 
juvenile surface of iron particles, which results in the 

10 formation of carbon in the form of microscopic particles. 

An "iron/carbon" ratio is controlled by the exposure dura- 
tion within ranges of (in mole-percent) 1.35 - 46.15 for iron 
and 53.85 - 98.65 for carbon. The longer exposure is, the 
less mole proportion of iron and the more mole proportion of 

15 carbon will be in the iron-carbon component that is obtained 
as a semiproduct or an intermediate product. In case of an 
excessive exposure, the CO decomposition ceases spontaneously 
because of the iron dispersing to ultra-dispersed particles 
whose surfaces are blocked completely by microscopic carbon 

20 particles, and reducing of the iron catalytic activity in 
Bell-Buduar reaction practically to zero'. 

In the iron-carbon component so obtained, iron particles are 
sized from some hundredth to some tenth parts of micrometer, 
while those of carbon from some tenth parts of micrometer to 

25 several tens of micrometers. The iron-carbon component can 
contain such trace admixtures as ferric carbides and oxygen, 
with the latter being usually present in the form of secondary 
or unreacted iron oxides and, partly, in sorbate state. 

In the simplest case, the metal-carbon component can be 

30 produced independently of the iron-carbon component. For that 
purpose, the dispersion is firstly prepared by the known 
method, i.e. by dosing and mixing, which, if necessary, can 
be carried out as the concurrent or successive triturating of 
solid ingredients in a liquid disperse medium, at that said 
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dispersion being in the form of a solution or a suspension 
contains : 

as a dispersed phase: 

at least one salt of metals from the group VIII in the pe- 
5 riodic table which is capable of decay upon heating in order 

to form an oxide, wherein said metal is selected from the 
group consisting of iron, nickel and cobalt, and 
an appropriate carbohydrate - reducer, and 

a highly volatile solvent free of possible catalytic tox- 
10 ins as a disperse medium- 
Examples of salts of the indicated type can be found pref- 
erably among formates and acetates as well as propionates and 
citrates of iron, cobalt and nickel. For those skilled in the 
art, it must be obvious that the use of other salts of mono-, 
15 di- and tricarboxylic acids is not excluded as well as ni- 
trates and nitrites of said metals. 

Carbonhydrate - reducers can be exemplified by: 
monosaccharides, such as glucose, fructose and other al- 
doses and ketoses; 
20 disaccharides, such as L- or D-sucrose, maltose, lactose, 

various glycoside-glucoses, glycoside-aldoses and glycoside- 
ketoses ; 

preferably such water-soluble polysaccharides or their de- 
rivatives, as vegetable starch and water-soluble cellulose 
25 esters of the methyl- or carboxymethylcel lulose type. 

Volatile solvents can be exemplified by the lower aliphatic 
alcohols used in preparing suspensions (sols), and preferably 
by distilled water, which is used usually in preparing true 
solutions or gels of reagents, selected for the production of 
3 0 the metal-carbon component under this invention. 

The suspension prepared is concentrated by evaporation in an 
inert atmosphere until dry (possibly, under vacuum and/or at a 
higher temperature) and pyrolyzed in an inert atmosphere too 
with the stepped heating and an exposure at each stage, i.e.: 
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the dry residue is heated up to the temperature of cara- 
melization, within a range of 190-200°C, and kept at this 
temperature for about 2 hours to decompose a selected salt 
and to transform its partially into a respective oxide (or a 
5 mixture of oxides) of a chosen metal; 

the mass caramelized is heated up to a temperature of 
about 4 00°C and kept at this temperature for about 1 hour to 
transform finally a selected salt into a respective oxide (or 
a mixture of oxides) of a chosen metal/ to subject a chosen 
10 carbohydrate to the pyrolysis with the formation of micro- 
scopic particles of carbon, and to start recovering of an ox- 
ide (or a mixture of oxides) with the formation of ultra- 
dispersed particles of a metal; 

the residue is heated up to a temperature within a range 
15 of 550-650°C and kept at this temperature for about 1 hour to 
obtain the metal-carbon component, in which a metal (nickel, 
cobalt and, preferably, iron, as is the case in the iron- 
carbon component, or a mixture of all or some of them) and 
carbon are present. in the following amounts (in mole- 
20 percent) : 

metal 0.22 - 2.33 

carbon 97.67 - 99.78. 

A "metal/carbon" ratio in the metal-carbon component is 
controlled by changing an amount of the metal source, that is 
25 of a selected salt(s), and an amount of the carbon source, 
that is of a selected carbohydrate (and, in a certain degree, 
a selected alcohol when alcohols cire used as a disperse me- 
dium) , in the dispersion prepared. 

After cooling the metal-carbon component is mixed with the 
30 previously obtained iron-carbon component in a desired ratio. 

Another, more preferable method for the new catalyst pro- 
duction provides for the preparation of a premixture by the 
introduction of the previously obtciined iron-carbon component 
into a dispersion for preparing the metal-carbon component 
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and the treatment, i.e. evaporation and pyrolysis, of this 
. premixture, as above indicated. This method ensures a sub- 
stantial simplification of the mixture homogenization and a 
stabilized value of specific surface in various catalyst lots 
5 with the same ratio between the- iron- and metal-carbon compo- 
nents. Respectively, the processes of pyrolysis run more 
stably, and the composition and quality of target products of 
the recycling waste rubber become stabilized. 

To determine an optimal ratio of the indicated components 
10 in the new catalyst, their mixtures were prepared with dif- 
ferent proportions of the metal-carbon component in the total 
catalyst mass, and specific surface values were measured for 
each of them by the method known to those skilled in the art 
(see Table 1) . 

15 

Table 1 

Relationship between specific surface of the catalyst 
according to the invention and the metal-carbon component 
proportion in its mass 

20 

Metal-carbon component proportion Specific surface of the 
in the total catalyst mass, % catalyst, m^/g 



50 


30 


40 


38 


30 


80 


20 


96 


10 


110 


5 


120 


2 


100 


1 


100 



As can be seen from Table 1, specific surface of the new 
catalyst first grows up very rapidly as a proportion of the 
25 metal-carbon component lowers in the total catalyst mass. 
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when a ratio of 60/40 between the iron- and metal-carbon com- 
ponents changes for 70/30, reaches its maximum at a ratio of 
95/5, and at a ratio of 98/2 it lowers and stabilizes. 

Therefore, despite a total growth in activity of the 
catalyst under this invention owing to using the metal-carbon 
component, it is desirable that the iron- and metal-carbon 
components were present in the mixture in the following 
amounts (in percent by mass) : 

iron-carbon component 70-98 

metal-carbon component 2-30. 

As was shown by means of electron microscope studying, 
iron in the finished catalyst according to this invention is 
present in the form of particles sized 50 to 8, 000 A, and 
preferably 50 to 50U A. 

To test efficacy of the new catalyst, there were carried 

out : 

a) the model experiments to assess its activity in the 
low-temperature hydrogen para-ortho-conversion by the scheme: 

n - ^ o - H2; 

b) the pilot experiments to assess its activity in the 
low-temperature pyrolysis of waste rubber, which are de- 
scribed below as examples. 

Experiments of the (a) type have shown that the highest 
(75%) yield of o-hydrogen, when using the catalyst according 
to this invention, is already reached at a temperature of 45- 
46°C, whereas for the most active classic catalyst of H2 
para-ortho-conversion, known as Reney' Nickel, similar- maxi- 
mum is only reached at about 14 0°C. 

The new catalyst reveals activity even at negative tem- 
peratures. Moreover, the studies on products of H2 para- 
ortho-conversion with deuterium added have shown the presence 
of HD molecules, which indicates the breakage of bonds within 
H2 molecules with the subsequent turning of the second atom 
into the orthoposition . Such an activity of the new catalyst 
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is connected with the distinctive features of its structure, 
in which the metal-carbon ""'complexes" play a role of the ac- 
tive centers. 

Experiments of the (b) type have been carried out using 
5 metal-cord tires as waste rubber materials. The tires were 
cut transversely into pieces of about 10 cm in width.. With 
the purpose of swelling, these pieces were previously soaked 
in a liquid mixture of hydrocarbons and the catalyst accord- 
ing to this invention. Volume of this mixture was 3-fold that 

10 of tire pieces. Following the tire pieces swelled no less 
than 1.1 times, they were removed out of the mixture of hy- 
drocarbons and the catalyst, and kept in air till drops of 
the said mixture trickled down. Then, they were placed in a 
container, transferred into a muffle oven and exposed to py- 

15 rolysis in dry nitrogen current, out of which the condensate 
was taken away in a water-cooled condenser for subsequent 
analysis. A residue of the mixture of hydrocarbons and the 
catalyst, poured off the tire pieces, was used in subsequent 
experiments . 

20 Example 1 . For rubber swelling black fuel oil was used 

with 0.5% by mass of the catalyst added, whose ratio of the 
iron- to metal-carbon components was 85/15. The pyrolysis was 
carried out at a temperature of about 400°C for 12 hours. The 
condensate obtained comprised (in percent by mass) : 
25 light hydrocarbons Ca-Cg 5.2 

volatile aromatic compounds (benzene, toluene) 3.8 
oil-like mixture of hydrocarbons 91.0 
At that, 92. Go by mass of the rubber organic compounds 
were transferred into the condensate, whereas sulfur was 
30 transferred into the oil-like mixture of hydrocarbons almost 
completely. \ 
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Example 2 . For rubber swelling spent oil was used poured 
off crank cases of vehicle motors with 0.3 % by mass of the 
catalyst added, whose ratio of the iron- to metal-carbon com- 
ponents was 90/10. The pyrolysis was carried out at a tem- 
5 perature of about 300°C for 12.5 hours. The condensate ob- 
tained comprised (in percent by mass) : 

light hydrocarbons C3-C9 7.4 
volatile aromatic compounds (benzene, toluene) 11.3 
oil-like mixture of hydrocarbons 81.3 
10 At that, 94.0% by mass of the rubber organic compounds 

were transferred into the condensate, whereas sulfur, as be- 
fore, was transferred into the oil-like mixture of hydrocar- 
bons almost completely. 

Example 3 . For rubber swelling a mixture was used com- 
15 prising (in percent by mass) 90% of spent oil poured off 
crank cases of vehicle motors and 10 % of diesel oil with 
0.5% of additive in relation to total hydrocarbon mass of the 
catalyst, whose ratio of the iron- to metal-carbon components 
was 90/10. The pyrolysis was carried out at a temperature of 
20 about 250°C for 12 hours. The condensate obtained comprised 
(in percent by mass) : 

light hydrocarbons C3-C9 19.6 
volatile aromatic compounds (benzene, toluene) 25.8 
oil-like mixture of hydrocarbons 54.6 
25 At that, 95.0% by mass of the rubber organic compounds 

were transferred into the condensate, whereas sulfur, as be- 
fore, was transferred into the oil-like mixture of hydrocar- 
bons almost completely. 

A series of similar experiments with and without using 
30 the new catalyst, whose ratio of the iron- to metal-carbon 
components was 90/10, at different temperatures of pyrolysis 
has shown that, under certain conditions, up to 96% by mass 
of the swelled rubber organics could be transferred into the 
condensate (see Table 2) . 
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Table 2 

Condensate yields in relation to mass of the swelled rubber 
, organics for pyrolysis with the catalyst according to this 
invention, comprising 10% of the metal-carbon component 

Catalyst added Condensate yield Pyrolysis temperature 

0 20 700 

0.2 87 350 

0.3 94 300 

0.5 95 250 

1.0 96 250 



Industrial applicability 
Provided that an average size of carbon particles 

10 amounts to some tenth parts of yim, that of metal particles 
some hundredth parts of \xm, and specific surface of the pow- 
dery catalyst of about 100 m^/g and more, the amount of nec- 
essary catalytic additive comprises 0.2 to 0.5% by mass of 
the organic liquid used for swelling, in which the prelimi- 

15 nary processing of waste rubber does take place. The combina- 
tion of swelling with catalytic action of the high-active 
powdery catalyst allows the pyrolysis to be carried out at 
temperatures of 250 to 400°C and the atmospheric pressure. 
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CLAIMS 

1. A catalyst for the low-temperature pyrolysis of hy- 
drocarbon-containing polymer materials, which catalyst com- 
5 prises an iron-carbon component in the form of microscopic 
carbon particles and ultra-dispersed iron particles, char- 
acterized in that said catalyst further comprises a 
raetal-carbon component obtained as a product of the stripping 
and the pyrolysis of a dispersion that contains at least one 

10 salt of metals from the group VIII in the periodic table 
which is capable of decay upon heating in order to form an 
oxide, wherein said metal is selected from the group consist- 
ing of iron, nickel and cobalt, as well as a carbohydrate and 
a highly volatile solvent. 

15 2. A catalyst according to claim 1, characterized 

in that said iron-carbon and metal-carbon components are 
taken in the following proportions (in percent by mass) : 
iron-carbon component 7 0 - 9 8 
metal-carbon component 2-30. 

20 3. A catalyst according to claim 1 or 2, character- 

ized in that said metal-carbon component is obtained as a 
product of the stripping and the pyrolysis of the dispersion 
which contains, along with said at least one salt of metals 
from the group VIII in the periodic table which is capable of 

25 decay upon heating in order to form an oxide, wherein said 
metal is selected from the group consisting of iron, nickel 
and cobalt, said carbohydrate and said volatile solvent, also 
an iron-carbon component obtained previously. 

4. A catalyst according to claim 1 or 2 or 3, charac- 

30 terized in that said metal-carbon component is a product 
of the stripping and the pyrolysis of the dispersion which 
contains an iron salt, a carbohydrate and a highly volatile 
solvent - 
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5- A catalyst according to claim 4, characterized 
in that said metal-carbon component is a product of the 
stripping and the pyrolysis of the dispersion which contains 
an iron salt, a carbohydrate selected of the group consisting 
5 of mono- and disaccharides, and a highly volatile solvent. 

6. A catalyst according to claim 5, characterized 
in that said metal-carbon component is a product of the 
stripping and the pyrolysis of the dispersion which contains 
an iron salt, a water-soluble high-molecular carbohydrate se- 

10 lected of the group consisting of starch and water-soluble 
cellulose esters, and water as a highly volatile solvent. 

7. A catalyst according to claim 6, characterized 
in that iron and carbon are present in said iron-carbon com- 
ponent in the following amounts (in mole-percent) : 

15 iron 1.35 - 46.15 

carbon 53.85 - 98.65. 

8. A catalyst according to claim 6, characterized 
in that iron and carbon are present in said metal-carbon com- 
ponent in the following amounts (in mole-percent) : 

20 iron 0.22 - 2.33 

carbon 97.67 - 99.78. 

9. A catalyst according to claim 1, characterized in 
that iron is present in said catalyst in the form of parti- 
cles sized 50 to 8,000 A. 



25 
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ABSTRACT 

The present invention relates to a catalyst used in the low- 
temperature pyrolysis of hydrocarbon-containing polymer mate- 
5 rials, said catalyst being mainly intended for use in the re- 
cycling of rubber waste materials. The catalyst is prepared 
from a carbon-iron component in the form of microscopic car- 
bon particles and ultra-dispersed iron particles. In order to 
increase the yield of light hydrocarbon fractions in the con- 

10 densate and to bind substantially completely the sulphur in 
the products of the rubber pyrolysis, the catalyst further 
contains a metal-carbon component. This component consists of 
the product from the stripping and the pyrolysis of a disper- 
sion that comprises at least one salt of a metal from the 

15 group VIII in the periodic table which is capable of decay 
upon heating in order to form an oxide, wherein said metal is 
selected from the group comprising iron, nickel and cobalt. 
The dispersion further includes a carbohydrate as well as a 
highly volatile solvent. 
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Ukraine-^ 


98094786^ 


11 September 1998 ^ 










NO _j 



( Complete this part only if this is a continuing application.) 

I lioreliy uliiiiii tlie lioiiofit iiiidur W, 1211 (if iiiiy liiiilDd ,Sliilf!s ii|iiiiii;itioii(s) li,\leil Wiiii' and, iiisofar as liie siilijeul itGitler iif isicli of Oie claims of this appiiuiiljiiii is mil diseloied in tlie pniir iliiitcd M!i& ii|inli«iliiin in tlie 
iniiiiiier pniHiioil liy I lie M. liaramiiib iif M lISC 11!!, I iiikiidivlcdiB Uie duly Id disclose iiiformatiiin ivhidi is iiialeriiil tn patenlabdity as defined in 'ntle S7 (Me of Federal lleinilatiiins '1.5(1 wliieh lieiiiine avaibilile between liie 
fdini' dale of the prior appliuitioii and tiie nadniial or ri,T iiilurnalioiial niiiig date of IMv applicihiiii: 



(Application Serial No.) 



(Filing Date) 



(Status-patented, pending, abandoned) 



:L fji o i6. iS! "■ikJ., . c:b e; S «-!l-0 ^ 



POWER OF ATTORNEY 

mi iiiifcipoil Ijmiliy ;iidJii.nm liic U atf^riiBy ,.r imiiiiiil km Uumiimj M\m mimhim \mi m l.i niiv iidji.ii l.i iic Liken iii Uio I'-iteit iiiid 'rniduniiirk mm\wi M ,i|i|]liraliiiii ivilhoiit diiwt 
I lioteiiii tli« ILS. Mmm or apiil, ,iii(l (Jii; iiiKiisrsifflieil lii ik mi (if a olwiip iii (Jie iiwsiiiis rriiin ivlwiii iiislriicljiiiis iiiiiy he (iikeii. (Iib I).S. nll<»rney nr aoBnt named lioreiii mil lie so mUM by Uie 



As _ 
.^00466 



Tamed inventor, I hereby appoint the registered patent attorneys represented bv<Customer No7 
,___j6^o prosecute this application and transact all business in the Patent and Trade mark Uttice 
connected therewith, including: Robert J. PATCH, Reg. No. 17.355. Andrew J. PATCH Reg. No 
/ .^Z^25^Robert F. HARGEST, Reg. No. 25.590 . Benoi t CASTEL, Reg. No. 35.n4l . Eric JENSEN Reg 
No. 37,855, Thomas W. PERKINS, Reg. No. 33.02 7. and Roland E. LONG, jr., Reg. No. 41.949 ' 



c/oYpUNG (^.-THOMPSOM, 

Second Floor, 
745 South 23 rd Street. 
Arlington, Vii-giriia_ 22202. 



Address 



all telephone calls to Young & Thompson at 703/521-2297 . Telefax: 703/68S-OS71 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
^"^ belief are behaved to be true; and further that these statements were made with the knowledge that 
wilIfAjl false statements and the like so made are punishable by fine or imprisonment, or both under Section 1001 of Title 
_ 1 8 of the United States Code and that such willful false statements may jeopardize tlie validity of the application or anv 
patent issued thereon. j i-t- j 

/--^iZ^ulI name of sole or first inventor: Emmanuil Volfovich PRn JTTSKV 
(gi^en name, family name) ^^^^^^^T ' 

Inventor's signature '^^/^V'"'^ Date 0^. O ^ .JUX? 1/ 

Residence: Kiev, Ukraine iJ^ f^K - Citizenship: C/^Zi^J^iC ^ 

Post Office Address: Semashko str. 17, kv.8, 03142 Kiev, Ukraine 

^—^lyull name of second joint inventor, if any: Qleg Volfovich PRILUTSICY 
(given name, family name) 

Inventor's signature Date 2.7, Pi . ZooZ C^/^cr-e^ 

Residence: Kibuz Ruhama, Israel ZLLX. . Citizenship: Ukraine ^ 

Post Office Address: pob 220, Kibuz Ruhama, 79180 Israel 

Full name of tliird joint inventor, if any: 
(given name, family name) 

Inventor's signature Date 



Residence: Citizenship: 
Post Office Address: 



Form Y&T (6/00) 



